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Appendix D D-2. These examples are provided to clearly demon-
Example Problems - Sliding Analysis for strate the procedure for applying the general wedge equa-
Single and Multiple Wedge Systems tion to the sliding analysis of single and multiple wedge

systems. The variations of uplift pressure, orientation of
failure planes, etc.,, used in the examples were only
selected to simplify the calculations and are not intended
D-1. Examples of typical static loading conditions for to represent the only conditions to be considered during
single and multiple wedge systems are presented in thighe design of a hydraulic structure.
appendix.
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Exampie 1: Single Wedge
Detsrmine the facior of safety

agsinst sliding for the tollowing single wedge systam
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FREE BODY DIAGRAM

Genersl Wedge Equation
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Solve for Satety Factor {FS)
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Fs = 703 7703
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Example 2: Multiple Wedges
Determine the factor of satety agsinst sliding for the following five wedge system
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Sliding Stability Analysis

WEDGE
NO. 1
(i1)

Exampie: Five Wadge System

Fres Body Diagrams of Wedges

WEDGE
NO. 2
(i=2)

WEDGE
NO. 3
(i=3)

WEDGE
NO. 4
(i=4}

WEDGE
NO.5
(i=5)
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Sliding Stability Analysis
Example: Five Wedige Sysiam

General Wedge Equation

%;
[(Ws + V) eos 0 - Uy + (e - Hy) sin u"]%;_ - (Mo

- Hyy) oos a; + (W + V;) sin & + yond

<;

Piy-Pi= — s,
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Sign Convention for Genevat Equmtion
w.ag.mtoﬂrhls-i-tﬁmnu.s
] = , = .=
1 1 HLJ‘ HRI =

tan 9y tan 20 = tan"! {0.243) = 13.64°
an By = —py— = T3~ b4

a = - [45'u + f;l] = -51.82°

sin (~51.82) = -0.786 is only true if the stratification and .

This orientasion of the foilure path
surface are horizontal

cos (-51.82) = 0.618

L, = 5t |sin (-51.82)] = 50786 + 6.36'
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Sliding Stabllity Analysis
Exampis: Five Wadge System

1 _ = 115
W, = .5(0.117) (5)6.36 cos (-51.82) = 1.15%0 L

vy + {250.0625) 636 cos {-51.52) = 6,144

U - ,i. (.0625) (25+30) 636 = 1093*,
- tan 20 + 7. 7
[7.29(0.618) 10.93]_1_3_ 7.29(-0.786)

lo.sls - (-0.136)_‘“_1‘3;’.'lJ

{p, - P} = = -9.01*

e
hpo - Py) = 9.01%

i=2 Hp, =Hgy =0

tan = = -1 ] °
tan 4 -5 T3 o4 = tan”? (0.385) = 21.05

@ = - [45 . .?i‘i] - -55.53°

sin (~55.53) = 0.8244 cos {-55.53) = 0.566

L, = 10/)sin{-55.53) | = 12.13'
W, = 0.117(5) (12.13‘0.566) + %[.122) {10) {12.13*0.566) = 8208

vV, = (25‘.0615) (12.13‘0.566) = 10738

U, = %(onsz;) (30 « 40} (12.13) = 26.53k»
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Silding Stabllity Analysis
Exampla: Five Wedge Sysiem
[1893 (0.566) - 26.53 E’r_,f'f + 1893 {~8244) \
(P, - Py} = — = -24.56
lo.sas - (-o.sz«)_B_J

[P, - p;) = Fas¢t

w3 0y =95 Ly=Shin95 =303

Hyg = é(omzs) (25P = 1353t  Hpy =0

U, = .;.{om:!s) {60 + 10) (303} = 47334

W, = 1224%)
sin 9.5° = 0165 cos 95 = 0986
tan 30
® - . _1 3 0. 86 122-4 .165
oy = [1m(9ss) 4411]..3.. 9.53(0.986) + 122.4(.165) .
- 2
(.935 - 165 x _“.'1‘332}

(P - Py) = Hs?*

i=4 HM-HR4'V4‘0

tan 94 tan 30°

- - = tan"! (0.385) = 21.05°
tan ¢, -Ts"— . 94 = tan (-3)

g = 45 -_;, by + 344750

sin (34.475) = 0.566 cos (34.475°) = 0.824
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Sliding Stability Analysis
Examnpla: Five Wadge Systsm

Ly = 5/ sin 34475 = 8.83
W, = (0.132) (5) [s.ssx.sz,a,) + %(0.122) {s) {3.83"0.324) =702
Uy = .;.(0.0625) (5 + 10} (8.83) = 4.14%«

[7.02 (824) - 4.14] E“fsi‘i +7.02 {.566)

tan 30 -15%
[&24 — 0.566 —TTJ

{Ps - Py =

(Ps - Py = T304

i=35 Hm=HRS=VS=O

tan ¢5  1an 40

m%-:_ms_s_m_ ¢, = tan”! (0.559) = 29.22°

s = [45 -_;. ¢ d] =3038  sin 30.38 = 05058  cos 3038 = 0.8626

L = 5/sin 30.38 = 9.89
w; = _;.(0.132) 5 {0.80%0.8626) = 2.82¢ L
Ug = _;.(o.oszs) (5) (9.89) = 1.545%

[282% 863 - 1.54] .“_’1‘;2 + 2.82%.506 "
=33

[.863 — 506 tan “0]

[P4 - Pg) =
T3

I(a, - Pg) = 3324
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Sliding Stability Analysis
Example: Five Wedge System
Summary: Wedge Forces for Trial Safety Factors
FS=15
i a L H,; Hey Vi W U, (Py-P)
1 -51.82 6.36 0 0 6.14 1.15 10.93 -9.01
2 -55.53 12.13 0 0 10.73 8.20 26.53 -24.56
3 9.5 30.3 19.53 0 0 122.4 47.33 32.97
4 34.47 8.83 0 0 0 7.02 4.14 7.59
5 30.38 9.89 0 0 0 2.82 1.54 3.32
AP, =10.31
FS =25
i a, L H, Hg, v, w, U, (P,-P)
1 -49.14 6.61 0 0 6.75 1.27 11.36 -9.10
2 -51.5 12.78 0 0 12.43 9.50 27.95 -25.48
3 9.5 30.3 19.53 0 0 122.4 47.33 19.65
4 38.5 8.0 0 0 0 6.06 3.76 6.26
5 35.72 8.56 0 0 0 2.29 1.34 2.45
AP, = -6.20
FS =2.0
i Q L H,; Hpi v, W, U, (Pi-P)
1 -50.16 6.51 0 0 6.52 1.22 11.19 -9.06
2 -53.05 12.51 0 0 11.73 8.97 27.37 -25.13
3 9.5 30.3 19.53 0 0 122.4 47.33 24.53
4 36.95 8.33 0 0 0 6.43 3.9 6.73
5 33.62 9.03 0 0 0 2.48 141 2.75
AP, = -0.18
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Sliding Stability Analysis
Exampls: Five Wedge System

Grephical Salution tor Safety Factor
The safety factor for sliding equilibrium of tha five wedge system is determined from:

A Pg = Safety factor for equilibrivm

5
L (s -Py=aPa A Pg=© For st safety factors

15T TRIAL
(APR =10.31 lor FS =1.5)

SAFETY FACTOR FOR EQUILIBRIUM
(APR =0 for FS=20)

0.5 1.0

{ | | .
0 ] 1 1 T T +FS

4 3RD TRIAL
{&PR = -0.1B for FS =2)

2ND TRIAL
ry APy = -6.20 for FS=25)
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